The author has previously I reported investigations on the reactions observed when tissue cultures in vitro were inoculated with living pathogenic bacteria, and he desires here to record further observations on the subject. In the former experiments the culture medium used was chicken plasma two parts, with Ringer solution one part, with various chick embryo tissues. In the present experiments a dilution of equal parts of plasma and Ringer solution was employed, thus reducing the proportion of plasma and thus of antibodies or other substances inhibiting bacterial growth. With this change in the strength of the plasma corresponding changes were observed in the bacterial reactions, and the object of this paper is to report these changes, especially as observed with Bacillus typhosus and Bacterium diphtheriticum.
(From tke Labor~ory of Hygiene of tke University of Pennsylvania, Philadelphia.) (Received for publication, October 14, 1915.) The author has previously I reported investigations on the reactions observed when tissue cultures in vitro were inoculated with living pathogenic bacteria, and he desires here to record further observations on the subject. In the former experiments the culture medium used was chicken plasma two parts, with Ringer solution one part, with various chick embryo tissues. In the present experiments a dilution of equal parts of plasma and Ringer solution was employed, thus reducing the proportion of plasma and thus of antibodies or other substances inhibiting bacterial growth. With this change in the strength of the plasma corresponding changes were observed in the bacterial reactions, and the object of this paper is to report these changes, especially as observed with Bacillus typhosus and Bacterium diphtheriticum.
Bacillus typhosus.
In the former series the organism used was an old laboratory strain of the Wyatt-Johnson type, while in the present series in addition to this strain there were also employed three recently isolated strains from clinical typhoid cases. 2 With the stronger plasma first employed the Wyatt-Johnson bacillus refused to grow or even to survive for any length of time. In the present series with more dilute BACTERIA AND ANIMAL TISSUES. II plasma there were many purposely very heavy inoculations and in a number of instances some of the organisms survived and formed colonies. In the first series inoculations from 24 hour agar slants were made into a few cc. of Ringer solution, and 1, 2, or 3 loops from this were inoculated into the diluted plasma or into the amount of fresh Ringer solution to be used for dilution, while in the second series many inoculations were made directly from agar into diluted plasma. In all instances, however, there was evident great reduction in the number of organisms developing, and several tests were made to ascertain the extent of this bacteriolysis by the use of agar plates containing a similar amount of the same inoculated Ringer solution (0.05 to 0.1 cc.) to that used in the cultures. In this series the splenic tissue was too young to have much deleterious action on the organisms, as at 11 days there is very little free cell migration.
Bacillus coli verus.
Bacillus coil verus (Table I , No. 41) shows only a slight reduction; Dilution A was not counted, but there appeared to be as many colonies in plasma as in agar, and Dilution B shows an apparent reduction from an average of 17 colonies on agar to 9 with splenic tissue, 3 with heart tissue, and 1 with plasma alone, all of which might well be due to irregularities in distribution, as such small amounts of inoculated Ringer solution are used in making cultures. These results agree with those previously reported for this organism, though no actual counts were then made.
Bacillus dysenteric.
No tests were made with this organism in the former series. In the present series (Table II , No. 46) Bacillus dysenteri~ seems to occupy a position between the extremes of Bacillus typhosus and Bacillus coli verus, there being an evident marked bacteriolysis but decidedly less than with Baxillus typhosus. The average of 157 bacilli in Dilution B on agar was reduced in plasma with heart tissue to 1.5 and with splenic tissue to 3.5, while there were no colonies in plasma without tissue. There was also an evident reduction in Dilution A cultures, though no counts were made on agar.
Bacterium diphtheriticum.
In the former series with the stronger plasma three strains of Bacterium diphtheriticum were employed, Park-Williams Bacillus 8 and two freshly isolated strains from clinical cases. In the present series with the 50 per cent plasma ten different strains were used, Bacillus 8 and nine recently isolated organisms. In general the results agree with those already reported, though here also the effect of plasma dilution is seen in the survival of many organisms away from the presence of tissue, but even when many such do survive, the colonies are more numerous and larger around the tissue fragments. In the former series with 66 per cent plasma diphtheria colonies developed only closely surrounding tissue fragments, giving to each fragment the appearance of a sun in a miniature solar system. Table   I, No. 40, and Tables III, IV , and V show the results of these cul-tures.
In Table IV larger box cultures, with two or more times as much plasma as in the cover-glass cultures designated as s, were used, and in Table V Heart tissue.
Spleen "
Agar plate.
Heart tissue.
Spleen "
Agar plate, Heart tissue. Many colonies, scattered and clustered. Agar plate.
1,300 colonies.
10 Heart, spleen, and liver tissue.
Heart tissue. 
Influence of Tissue on Bacteria.
In addition to the bactericidal influence of growing splenic tissue noted above, which seems to be nearly coextensive with the area of migration of white cells in the plasma, and which must be due to such cells or their products, Tables I and II show another interesting action of tissue. These tables show that even where this bacteriafree halo is evident, often with Bacillus typhosus, at times with Bacterium diphtheriticum and with Bacillus dysenteri6e, a greater number of organisms may survive in the presence of splenic tissue than in heart cultures, and almost always more in the presence of any tissue than in plasma without tissue. This seems to show that the bacteria are either encouraged by the tissue or tissue products directly or are protected by them from the lyric action of the plasma. The spleen thus seems to have a double action, antagonistic in the immediate area of white cell migration and favorable in the area just beyond, probably due to cell secretions or excretions diffusing out from the tissue. This same double action of splenic cultures will be brought out in connection with tubercle bacillus cultures in a subsequent paper.
BACTERIA AND ANIMAL TISSUES. II
SUMMARY.
The results here reported confirm those of the former papers and strengthen the conclusions drawn therefrom. They may be summarized as follows:
Chicken plasma has a marked bactericidal action on Bacillus typhosus, which may be in some slight degree overcome by the presence of growing tissue, especially splenic tissue, in the cultures.
On Bacillus dysenterice this bactericidal action of chicken plasma is present, but much less marked, and the same counteracting action of tissue, especially splenic tissue, is evident.
On Bacillus coli verus chicken plasma has little or no bactericidal action.
On Bacterium diphtheriticum chicken plasma has a very strong bactericidal action which may be strongly counteracted by the presence of growing tissue in the cultures.
In all cases the bactericidal action of the plasma is decidedly diminished by dilution, as shown by the comparative results of these and the cultures formerly reported.
The migrating white cells from splenic cultures, or substances closely associated with these cells, have a distinctly bactericidal influence on all organisms tested except Bacillus coli verus. Murphy 3 states that lymphocytes first appear in the general circulation of the chick embryo on the 18th to 20th day, but in my cultures of splenic tissue cells resembling lymphocytes in morphology and behavior begin to appear in cultures of 11 or 12 day spleen and are abundant in cultures of spleen from 14 day or older embryos. a Murphy, Jas. B., Jour. Exper. Med., 1914, xix, 181. 
